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1
alternative methodology is presented whereby we specify a maximum allowable cost (MAC) per 23 tonne of CO 2 stored, a priori, and determine the corresponding potential operational storage Carbon capture and storage (CCS) is considered a necessary and significant contributor in plans for 38 reducing anthropogenic global CO 2 emissions in the future [1] [2] [3] . Cost is currently one of the main 39 barriers to the development of CCS infrastructure projects in advance of market demand, and the 40 largest part of this is associated with capture technology [4] . However, uncertainty concerning CO 2 
41
storage capacity and its development is also a major technical and commercial obstacle [4] . This is 42 especially the case for saline formations [5] , which represent the largest proportion of available 43 storage sites worldwide [1] . The term saline formation is used here to describe a saline aquifer 44 containing water that is too salty to be considered for potable use.
46
The process of storing CO 2 in saline formations involves drilling wells and injecting CO 2 into the 47 pore space of a saline formation. The long-term, theoretical potential storage capacity of such sites 48 is dependent on structural, residual, dissolution and mineralisation trapping mechanisms. This long-49 term potential storage capacity is hereafter referred to as the static capacity. The term operational 50 storage capacity is used here for that capacity which is achievable under typical industry operating 51 conditions. This capacity is constrained by a number of factors including static capacity, cost and 52 the maximum allowable pressure build-up in the storage formation [6] .
54
Pressure build-up is an important constraint because, as CO 2 is injected into the saline formation, 55 the pore-space accommodates the new fluid locally by compressing the rock matrix and the 56 previously residing formation waters [7] . This in turn leads to an increase in pressure within the 57 saline formation, which will be especially high around the injection well. It is undesirable to have 58 excessive pressure build-up because this may lead to fracturing of the cap-rock, re-activation of 59 faults and/or other mechanisms that can result in migration of the CO 2 outside the storage formation 60 [8, 9] .
62
Local pressure reduction can be achieved by distributing the injected CO 2 across multiple injection 63 wells. But in a controversial numerical simulation study, Ehlig-Economides and Economides [10] 64 concluded that hundreds of wells would be required to store just 30 years of emissions from one 65 coal-power plant. One limitation of the study was that the mathematical model assumed the saline 66 formation is completely confined (i.e., surrounded on all sides by impermeable boundaries).
67
Cavanagh et al. [11] argue that significantly more CO 2 can be stored in saline formations that have 68 pressure connection to much larger external geological systems. However, when many wells are 69 applied in close proximity, the pressure interference between wells causes individual injection wells 70 4 to act as if contained within completely confined saline formation units [12, 13] Mathias et al. [19] showed that the injection rate statistics from Hosa et al. [18] are very similar to 124 bulk fluid production rates (i.e., combined volumetric rates of oil, water and gas at reservoir 125 conditions) from 104 offshore UK oil and gas fields. By averaging production rates over a ten year 126 period, Mathias et al. [19] showed that 50% of the production wells studied produced bulk fluid at a likely to achieve injection rates greater than 1 Mt/year. Based on these studies, we will consider is approximately inversely proportional to the injection rate. Therefore it can be concluded that the 164 costs per tonne of CO 2 stored shown in Table 1 Whilst the total cost of storing a given quantity of CO 2 is strongly dependent on the number of The operational storage capacity associated with a given saline formation for a MAC (such as the
203
C st values presented in Table 1 ) can be determined by assessing how many injection wells can 204 operate within the saline formation at the associated injection rate for the specified time (i.e., 20 205 years in Table 1 ). The approach taken for determining operational storage capacity for a given 206 saline formation in this study is described as follows: multiplying by an efficiency factor, as described by Gammer et al. [22] . injected into a saline formation unit as a whole. For a given utilisation rate, U 0 , and injection rate, Because all selected injection wells are in operation for at least 20 years, the C st values in Table 1 230 can be thought of as representing the MAC associated with the corresponding set of injection rates,
231
M 0 (also shown in Table 1 ). Hence it can be understood that specifying an injection rate alongside a 232 minimum injection duration a priori is analogous to specifying a MAC calculated from Eq. (2) forecasts an operational storage capacity of 223 Mt of CO 2 in this context (see Fig. 1 b) . Figure 1a ). However, this was not included in Table 2 because its centroid depth is > 3000 m below 426 seabed. The results in Table 2 only include saline formations with centroid depths between 1000 427 and 2500 m below seabed. Climate Change quad. The white number in the quad is the storage capacity available in Gt of CO 2 .
625
The colours indicate how much storage is in the block with turquoise being the lowest and purple 626 being the highest. The black dots show the locations of the saline formations incorporated into the 627 study. Note that saline formations with centroids > 2500 m below sea bed or < 1000 m below sea 628 bed were excluded.
